Unio tigridis has an importance for the biodiversity of freshwater ecosystem of the Turkey. However, there is no available literature in the world on the growth of this species yet. The aim of this study, therefore, was to describe the age, growth and mortality of this species living in Lake Gölbaşı from Hatay providence, Turkey. A total 428 of specimen were collected using by divers with hand dredges in depth of 1 to 6 meters based on annual sampling strategy from June-2004 to May-2005. Lengths and weighs of sample were ranged as 2.1 to 9.2 cm (6.79 ± 1.52) and 1.1 to 73.05 g (34.18 ± 15.56), respectively. Weight-Length relationship of all specimens was described as W=0.193L 2.63 (R 2 =0.94). Thus, a negative allometric growth was detected in the sampled population. The age of each individual was determined by counting the external shall annuli-growth interruption lines. The sampled population was composed of 18 age classes. Specimen belong to age class 7 was the most presented with 20.33 percent in the population. The rate of male to female (m:f) was 0.91:1. Seasonalized von Bertalanffy growth model (SVBGM) was used to describe the growth. From these results, it was shown that seasonality in growth does not occur in this lake for this species (L∞ = 8.80 cm (Shell Length), K = 0.271 year -1 , t0 = -0.161 year, C = 0.014, ts = 0.100 year with RSS = 23.22). The total mortality rate (Z ± Se) was calculated as 0.401 ± 0.015 year -1 with Rsquare = 0.99 (CL of Z with 95 % = 0.361 -0.440 year -1 ). Although, there is no fishing, no pollution and no predation risk on this species yet, due to growth characteristic, high K and low L∞, this type of species are vulnerable to extinction.
Introduction
Gastropoda and bivalvia are common in the macrobenthic fauna of the aquatic ecosystems. These two groups are important in the trophic level of the aquatic ecosystems as well as, due to their filtering capacities; they are great significance in the self purification of waters (Öktener, 2004; Weber, 2005) . As a valuable supplemental food source for humans, freshwater mussels have also important in some areas (McMahon, 1991) .
Turkey has some freshwater mussels species in its territorial (Modell, 1951; Geldiay and Bilgin, 1969; Schütt 1983) . Among these species, Unio tigridis (Bourguignat, 1852), Unionidae has an importance for the biodiversity of freshwater ecosystem of the Turkey (Schütt, 1983; Şereflişan, 2003; Şereflişan, 2008) . Even though the distribution and reproduction biology of this species were reported (Öktener, 2004; Al-Mahdawi and Al-Dulaimi, 2004) , there have been no available literatures on the age, growth and mortality of this species yet.
Growth studies are essential instruments in the management of fisheries resources since, they contribute to estimate important parameters of the aquatic populations, such as production, stock size, recruitment and mortality. The aim of this study, therefore, was to describe the age and growth and mortality of this species living in Lake Gölbaşı from Hatay providence, Turkey. Although there has not been any fishing activity on this species yet, this study would get base information in terms of mussel conservation for future.
Materials and Methods

Study Site
Study was carried out in Lake Gölbaşı, Hatay, Southern Turkey, between June-2004 and May-2005 (36 o 30 16 N; 36 o 29 42 E). Lake Gölbaşı is located in the eastern Mediterranean region of Turkey, 50 km north of the city of Antakya (36º 29´ E, 36º 30´ N). The lake is a natural lake with a surface area of 12 km 2 and altitude of 80 m. The volume of the lake is 8 × 106 m 3 with a maximum depth of 6 m. Since it supplies water to the surrounding cotton fields; the water level is being lower in spring and summer. The lake has no incoming or outgoing creeks and is only fed by spring water.
Sampling
Samples were collected using by divers with hand dredges in depth of 1 to 6 meters based on annual sampling strategy from June-2004 to May-2005 .
Age and Growth:
The shell lengths (L) of sampled specimen were measured with vernier calipers to the nearest 0.1 mm (Hoggarth, 1999) and also, wet weight (W) (to nearest 0.01 g) of these specimen were recorded. L-W pairs were first plotted in order to identify and delete obvious outliers. Length-weight relationships were estimated by fitting an exponential curve, W = aL b , to the data. All calculations were made in MS Excel.
Age can be determined in three ways: size-frequency distribution, release-recovery experiments, and growth interruption lines. Among this methods, the most commonly used technique for age determination is counting the external shall annuli-growth interruption lines (Aldridge, 1999) . In this study, therefore, the age of each individual was determined using counting the external shall annuli-growth interruption lines (Richardson, 1987) .
In general, the growth of bivalves is adequately described by the von Bertalanffy growth model (VBGM). Especially in freshwater systems, differences in growth rate within a year are sometimes so marked that modifications are required to growth models so that seasonal variation can be described adequately (Haddon, 2001) . Various authors, therefore, have presented models that extend the original VBGM to express seasonal variations in growth. Among these models, the seasonalized von Bertalanffy growth model (SVBGM) has been widely accepted, primarily because its additional parameters can be interpreted biologically (Vakily, 1992) . Therefore, we used seasonalized von Bertalanffy growth model (SVBGM) to describe the growth of U. tigridis as follows:
Lt=L∞{1-exp[-K(t-t0)+(CK/2π)sinπ(t-ts)(CK/2π)sinπ(t0-ts)]}
Where Lt is the shell length at age t, L∞ is the asymptotic average maximum shell size, K is a growth rate coefficient that determines how quickly the maximum is attained, t0 is the hypothetical age at which the species has zero shell length, and C is related to magnitude of the oscillations above and below the nonseasonal growth curve. In this model, if C = 0, then seasonality is not considered. If C = 0.5, then the seasonal growth oscillations are such that growth is increased by 50% at the peak of the 'growth season', i.e., in 'summer', and, briefly, reduced by 50% in 'winter'. If C = 1, then growth increases by 100% i.e., doubles during 'summer', and becomes zero in the depth of 'winter'. The parameter ts is the time between t = 0 and the start of a growth oscillation (Vakily, 1992) . The parameters of the SVBGM were estimated using by maximum likelihood method with solver routine built in Microsoft Excel. The performance of the model was assessed, in terms of how well the model fitted the length-at-age data set, by visual inspection of the fitted lines and by sum of squared residuals (RSS values).
Sex Determination
The sex of each specimen was identified by examining the visceral mass. In the middle portion of the inner demibranchs of the females the interlamellar septa were distinctly thickened to provide structural support for the developing young (Jupiter and Byrne, 1997) . This was a permanent feature and in non-brooding specimens facilitated identification of females.
Mortality Rates
Catch-curve method was used to estimate the total instantaneous mortality rate (Z) based on actual agenumber of specimen at each age data. The total instantaneous mortality rate (Z) composes of fishing (F) and natural mortality (M) rates. Therefore, algebraically, Z = F+M (King, 1996) . There is no any fishing pressure (F = 0) on the mussel stock in the lake yet, so inevitably, Z = M.
Temperature, dissolved oxygen and pH of the water during the studied period were also determined on the monthly scale.
Results and Discussion
A total 428 of specimen were analyzed. Lengths and weighs of sample were ranged as 2.1 to 9.2 cm (6.79 ± 1.52) and 1.1 to 73.05 g (34.18 ± 15.56), respectively. Length-weight relationship of all specimens was described as W= 0.193L 2.63 (R-square = 0.94). Confidant limits of "b" coefficient in the W-L relationship were 2.56 to 2.69. A negative allometric growth, therefore, was detected in the sampled population.
According to the Wilbur and Owen (1964) , the values of equilibrium constant b lies between 2.4 and 4.5 in most of the bivalves. In India, from the river Kempuhole, the relationship between length-total weight for freshwater bivalve, Parreysia corrugate, was W = 0.0003428L 2.777 and the monthly equilibrium constant values of lengthtotal weight relationships ranged from 2.606 to 2.945 (Ramesha and Thippeswamy, 2009 ). For swan mussel, Anodonta cygnea, the length-weight relationship was estimated as W = 0.00018L 2.8849 (Başçınar, et al., 2009 ). Variation in growth is determined mostly by environmental differences and population density. In studied area, there is no fishing activity on this population and also no pollution in the lake. Therefore, the most likely reason showing the allometric growth of this species may population density. The population density (We observed that the density of mussel was about 60-100 species per m 2 ) may have been reached, or nearly, the carrying capacity of the lake ecosystem.
The sampled population was composed of 18 age classes. Among the age classes, the specimen belong to age class 7 was the most presented with 20.33 percent in the population (Table 2) . The percent of the unsexed, male and female in the population were 4.43, 45.56 and 50, respectively. Therefore, the rate of male to female (m: f) was 0.91:1 (P>0.05). After the age of 5, however, the rates of male against the female were continuously decreased and after the age of 13, male specimen were not observed (Table  2) . Aldridge (1999) analyzed sex ratios of four unionids (A. anatine, A. cygnea, U. pictorum and U. tumidus). He found that except for A. cygnea, the ratio of male: female was biased slightly to female for the other unionids. Our result (0.91:1), therefore, is consistent with his study.
The parameters of seasonalized von Bertalanffy growth model were presented in Table 3 . The coefficient C, reflects seasonality in growth, was close to zero (0.0143). Therefore, it is shown that seasonality in growth does not occur in this lake for this species (Figure 1) .
Von Bertalanffy Growth Model (VBGM) has certainly been widely used in marine and freshwater fisheries research, despite considerable argument over its biological value, particularly over the reality of asymptotic growth. Alternative growth models with the VBGM, therefore, have been used to describe the growth in comparative studies (Hastie et al., 2000; Haddon, 2001 ). Akiyama and Iwakuma (2009) , fitted several growth models (Hyperbolic, Gompertz, Logistic and von Bertalanffy growth functions) to the shell length-age relationships for two populations (Shiribetsu river and Chitose river) of a freshwater pearl mussel, Margaritifera laevis (Bivalvia, Unionoida), in northern Japan. They found that the Gompertz function showed the best fit, in terms of both RSS (residual sum of squares) and the difference between the observed maximum shell length and the asymptotic shell length. In the same study, the K values for Shiribetsu and Chitose river populations were estimated as 0.251-0.305 year -1 and 0.077-0.097 year -1 , respectively.
In northern Scotland, the estimated K values in von Bertalanffy growth model (VBG) ranged 0.023 -0.085 year -1 for freshwater pearl mussels (Margaritifera margaritifera). They compared three non-linear growth models (power, logistic and von Bertalanffy) and they found that the VBG model outperformed the other two approaches, generating the smallest residuals (Hastie et al., 2000) . Maroñas et al., (2003) estimated K values for different cohorts of the golden mussel, Limnoperna fortune (Dunker, 1857), as 0.3371, 0.3409 and 0.3761 year -1 . They adjusted the growth models according to the version of the generalized length growth. The best result was obtained applying the VBGM weighted according to the number of specimens at each mode. Figure 1 Growth curve of U. tigridis. Based on the length-at-age data, we estimated the growth parameters of K and L∞ as 0.271 year -1 and 8.80 cm, respectively. The value of K from von Bertalanffy growth equation is highly variable depending on environment temperature. It was reported that there was a direct relationship between parameter K and temperature in unionid mussel and the influence of water temperature on growth to be greater than that of hydrochemistry (Hastie et al., 2000) . As the temperature decreases in temperate regions, the metabolic rate also declines hence the rate of growth decreases (Malathi and Thippeswamy, 2013) . In our studied environment, the average water temperature was 21.87 ± 0.10 Celsius. Therefore, this estimated value (0.217 year -1 ) for our population is expectable for this environment conditions.
The lake was classified as first-degree clean water (Şereflişan, 2003) . In respect to hydrochemistry, Ca content and pH level are linked and important component on the growth of mussel. It is reported that the minimum pH level for unionid mussel growth is 4.7 and the pH range of growing and fertilization is 5.6 to 8.3. Temperature, dissolved oxygen and pH (mean±Sd) of the water are given in Table 1 .
Our mean pH levels were changed as 7.72 to 8.45 with the overall mean 7.41± 0.23 (Table 1) . McMahon (1991) claimed that generally in an area where pH level is low then calcium concentration is low as well and low calcium levels lead to shell melting for mussel. It was found that asymptotic length (L∞) estimates were positively correlated with biological oxygen demand (BOD) and pH, whereas relative growth rate (k) estimates were negatively correlated with BOD, pH and calcium ion concentration (Bauer, 1992; Hastie et al.,2000) .
It is reported that the zooplankton of lake Gölbaşı mainly consists of Cladocera (with 27 species), Copepoda (with 2 species) and Rotifera (with 23 species) groups and, based on the eutrophication index value, Lake Gölbaşı has mesotrophic characteristics. (Türkmen et al., 2006) . Also, 28 phytoplankton species were identified in the lake (Şereflişan, 2003) . Lake Gölbaşı, therefore, can be classified into the mid-productive lake category.
The total instantaneous mortality rate (Z ± Se) was calculated as 0.401 ± 0. ). There is no any fishing activity on that stock in this lake yet (therefore, it could be assumed that fishing mortality equal to zero, F = 0). Calculated value of Z, therefore, may just reflection of natural mortality rate (M = 0.401 year -1 ). There is almost no predation on the mussels in the Lake Gölbaşı. Only a few numbers of crabs was observed in the studied area. The cause of natural mortality, therefore, may mostly due to other factors than predation.
Implication for Conservation
Irrespective of other factors that effects on mussel shell growth, the growth coefficient in VBG model (K) is negatively correlated with maximum age and maximum length (low K values tend to high L∞ values). In other words, population with small, short-lived adults tends to exhibit a relatively higher mean growth rate than those with larger and older individuals. In general, fertility is closely related to maximum length (i.e. L∞), as larger mussels produce more offspring than that of smaller ones. In contrary, populations which are characterized by high K, low L∞ values are particularly vulnerable to extinction, because of their relatively low overall reproductive output (Hastie et al., 2000) .
According to the Bauer (1991 Bauer ( , 1992 pearl mussel populations which have predominantly small, fast growing, short-lived individuals (i.e. high K and low Lmax), are particularly vulnerable to extinction. This is because, the overall reproductive output in these populations is relatively low (Lmax and L∞ are closely related to fecundity).
Populations which exhibit a combination of a high individual growth rate (K>0.1 year -1 ) and a high juvenile mortality rate (e.g. as a result of organic pollution) are considered to be most at risk of decline. Also, intensive fishing and predation lead to remove most of the largest mussel. The effects of these activities on the average growth curve of a population are unknown, but it is likely that the above presses could significantly increase parameter K (Bauer, 1991) .
Although, there is no fishing, no pollution and no predation risk on this species yet, due to growth characteristic, this type of species are vulnerable to extinction. The consumption levels of fish and other sea food products are low comparing to the EU countries (Can et.al. 2015) , nearly 5 kg for per individual per year. In future, however, training and mass advertising campaigns along the government subsidies can be useful to diversification of income in rural areas by import. At that time, the fragile characteristic of that mussel stock should be considered for sustainable exploitation.
